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(54) METHOD FOR JOINING VALVE SHAFT OF SOLENOID VALVE TO SINTERED MOVABLE IRON CORE 

(57)Abstract 

PROBLEM TO BE SOLVED: To perform the sintering of a green compact and its joining to a valve shaft by a single 
process, to reduce the size and weight of a movable iron core, and to improve the responsiveness of a solenoid 
valve by compacting a powder of ferromagnetic material excellent in soft magnetic properties or a powder mixture 
of equivalent composition into the required shape and size of a movable iron core, fitting the resultant green 
compact in the prescribed position of a valve shaft, and carrying out sintering. 

SOLUTION: It is preferable that the material of a sintered movable iron core is composed of any of pure Iron, Fe- 
P-alloy, Fe-Si alloy. Fe-Si-P alloy. Permalloy (R) alloy. Permendur (R) alloy, and electrical stainless steel materials, 
and further, as for a fit tolerance between the inside diameter of a green compact and the valve shaft, running fit 
of <5 fim clearance or close fit of £60 /zm interference is preferred. Moreover, the valve shaft is composed 
preferably of a non-magnetic material of < 100 magnetic permeability. Because no allowance for machining is 
necessary for attachment to the valve shaft in this method, the movable iron core can be reduced in size and 
weight- Further, the amount of expansion of the green compact, in the high temperature region where sintering 
proceeds, is smaller than that of the valve shaft composed of melted material, and the valve shaft can be held tight 
by the green compact. 
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* NOTICES * 



JFO and NCIPI are not responsible £or any 
damages caused by the use o£ tbis translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The junction approach of a valve stem and a sintering moving core in a solenoid valve 
which presses into the necessary geometry of a moving core the powder of the ferromagnetic 
material which was excellent in elasticity magnetic properties, or the mixed powder of that 
presentation, and is characterized by completing sintering of a green compact, and jvmction to a 
valve stem at one process by inserting this green compact in the position of a valve stem, and 
sintering it. 

[Claim 2] the quality of the material of a sintering moving core — pure iron, a Fe-P system alloy, a 

Fe-Si system alloy, a Fe~Si-P system alloy, a permalloy system alloy, the Permendur system alloy, 

and electromagnetism ~ the junction approach of the valve stem in the solenoid valve according to 

claim 1 which it is in any of a stainless steel ingredient, and a sintering moving core. 

[Claim 3] It inserts each other in, it inserts in as [ of the bore of a green compact, and a valve stem ] 

variation of tolerance is 5 micrometers or less of clearances, or it is the junction approach of of the 

valve stem [ in / it is closed, inserts in and comes out and / a certain solenoid valve according to 

claim 1 or 2 ] and sintering moving core of less than 60 micrometers of interferences. 

[Claim 4] The junction approach of a valve stem and a sintering moving core in claim 1 whose valve 

stem is with a permeability of 100 or less nonmagnetic material, and a solenoid valve according to 

claim 2 or 3 . 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of joining the moving core of a 
sintered alloy to especially the shaft of a solenoid valve at one about the solenoid valve which 
operates by the solenoid widely used for control of a hydraulic pump and the other fluids [ a fuel 
injection equipment and ] of an automobile engine. 
[0002] 

[Description of the Prior Art] The shaft (valve stem) of a solenoid valve has the common format of 
nonmagnetic material, such as stainless steel SUS304, being used, a moving core moving if the 
other-end section thru/or its this side are xzsually equipped with a cylinder-like moving core and an 
electric pulse is impressed to a solenoid coil in the valve element which carries out disjunction to a 
valve seat at the end, and opening a valve. In addition, a valve stem is divided from the convenience 
and others of an assembly in the middle of a valve element and a moving core, and although there is 
also a format that the valve stem by the side of a moving core pushes and moves the valve stem by 
the side of a valve element, the valve stem in this specification includes both cases. 
[0003] 

[Problem(s) to be Solved by the Invention] Conventionally, press fit, the caulking, or a certain 
plastic-working means is used for installation of the moving core to a valve stem. Therefore, the 
moving core had various constraint in the quality of the materials of an iron core — in order to 
require the machining allowance of the magnitude of extent which it is when performing being 
limited to what can deform plastically the quality of the material, needing close dimensional 
accuracy for finishing of a bore, and becoming cost quantity, and plastic working, a limitation is in 
small lightweight-ization - the configxiration, the production process, etc. Then, without receiving 
constraint of the quality of the material and others of a moving core, the purpose of this invention is 
[ for really joining a moving core to a valve stem ] cheap, and is to offer the approach of being 
suitable for mass production. 
[0004] 

[Means for Solving the Problem] This invention makes it a main point to complete sintering of a 
green compact, and junction to a valve stem at one process, when it is good and the powder of the 
ferromagnetic ingredient suitable for a moving core or the mixed powder of that presentation is 
pressed into the necessary geometry of a moving core, and elasticity magnetic properties insert this 
green compact in the position of a valve stem and sinter it. in this case — as the ferromagnetic 
ingredient which suits an application - electromagnetism, such as pure iron, a Fe-P system, a Fe-Si 
system, a Fe-Si-P system, a permalloy system, the Permendur system alloy, and SUS410, ~ there is a 
stainless steel ingredient. Moreover, as for the ingredient of a valve stem, it is desirable that the 
permeability is 1 00 or less. Since the installation to a valve stem does not take a machining 
allowance by this approach, that part moving core can be formed into small lightweight. 
[0005] When a moving core (green compact) is inserted in a valve stem and carries out sinter 
bonding to it, in order for the components obtained to have high bonding strength, it is necessary to 
aim at junction by solid phase diffusion of an alloy content by sintering in the mere mechanical 
condition that burned and inserted in and the plane of composition of both the members instead of 
**** fiiUy stuck. And about this point, all the aforementioned ingredients below pure iron have the 
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amount of dimensional changes (the amount of expansion) smaller than the valve stem of ingot 
material in the pyrosphere (800 degrees C or more of abbreviation [ An iron system sintered alloy ]) 
which advances sintering so that it may explain later, and since sintering advances after the green 
compact has bound the valve stem tight, they are very convenient 

[0006] moreover, the time of inserting in both members — inserting in — suiting — variation of 
tolerance (difference of the inside diameter of the hole of a green compact, and the outer-diameter 
dimension of a valve stem) — being important — the valve stem — being thick (closing and inserting 
in) — it is desirable to set up and to press fit in the hole of a green compact, and both degree of 
adhesion becomes high, so that an interference is large. However, in order to avoid breakage by the 
tensile stress of a green compact with low reinforcement, it is necessary to stop an interference 
within less than 30 micrometers and at most 60 micrometers preferably. Even when it passes and 
chooses eye **, a clearance is so good that it is small, and should be stopped to 5 micrometers or 
less. 
[0007] 

[Embodiment of the Invention] The condition of the thermal expansion by each heating is explained 
about the case where use stainless steel (SUS304) for valve-stem material, and the green compact 
(green density 7.0 g/cm3) of Fe-0.6P is first used for moving core material. SUS304 is making the 
Measuring condition lower [ green compact ] at the same rate, after carrying out the temperature up 
of the green compact to 1130 degrees C at the rate of 1 0 degrees C/m in nitrogen gas, respectively 
and holding it for 20 minutes in a vacuum. In addition, especially % about the presentation in this 
specification etc. is weight % imless it refuses. 

[0008] Since SUS304 has already presented the austenite phase at the room temperature, the 
allotropic modification accompanying heating and cooling is not produced. If it is a dimensional 
change by mere heat, uniform expansion and contraction are shown along with rise and fall of 
temperature and it returns to a room temperature, a dimension will also retum to the original 
dimension. On the other hand, in the case of Fe-0.6P green compact, it is the same as that of the case 
of ingot material, but the ebumation (contraction) by disappearance of pore-izing of the clearance 
between powder particles - pore is produced in the sintering process from a green compact as a 
phenomenon peculiar to a sintered alloy, and these contraction reduces the amount of expansion by 
heat. Consequently, the amount of thermal expansion of the green compact in the pyrosphere of 800 ' ' : 
degrees C or more of abbreviation to which diffused junction advances becomes small far from ' ' 
SUS3G4; therefore when both are entrapped and are sintered, sintering in the condition of hia\^hg^^ - ^ 
stuck the moving core to the valve stem is ensured. 

[0009] Next, after carrying out a temperature up and holding for 20 minutes to 1 200 degrees C at the 
rate of 10 degrees C/m in a vacuum about the green compact (green density 7.1 g/cm3) of the 
permalloy (Fe-47nickel) which is similarly suitable for a moving core, the condition of the thermal 
expansion at the time of returning to ordinary temperature is explained at the same rate as compared 
with SUS304. 

[0010] Although a permalloy green compact expands gently up to near 550 degree C of a 
temperature up process and the inclination of expansion becomes a little large after that, the amount 
of expansion is always smaller than SUS304. Above 1 170 degrees C, contraction according 
[ temperature ] to sintering is observed and this contraction continues also in the maintenance phase 
of sintering temperature. And in the phase which returned to the room temperature, the permalloy 
sintered compact has contracted SUS304 rather than the green compact before heating as well as the 
case of Fe-0.6P to a dimension returning to the original dimension. 

[00 1 1 ] Therefore, the moving core which consists of said proper ferromagnetic ingredient with 
powder-metallurgy processing is pressed, if the green compact and valve stem of nonmagnetic 
material are inserted in and sintered, after the green compact has bound the valve stem tight, 
sintering can advance, and both can be unified firmly. 

[0012] (Example 1) First, as an object for moving cores, to powder lubricant, the presentation used 
Accra wax (trade name) 0.5%, and produced the cylindrical green compact (the bore of 4mm, the 
outer diameter of 10mm, die length of 12nmi, and green density 7.0 g/cm3) which is Fe-0.6P. 
Although the slot of several articles is established in the lengthwise direction as a path of a fluid at 
the periphery of this cylinder, that is not the summary of this invention. On the other hand, to the 



http ://www4. ipdl .ncipi . go . jp/cgi-bin/tran_web_cgi_ejj e 3/1 5/2006 



;P,2000-0871 17,A [DETAILED DESCRIPTION] 



Page 3 of 3 



valve stem, the valve stem with a diameter of 4mm was produced using nomnagnetic stainless steel 
SUS304. Next, the green compact was inserted in to the position of a valve stem by press fit of 20 
micrometers of interferences, it sintered for 60 minutes at 1200 degrees C among the decomposition 
ammonia gas ambient atmosphere, and sintering of a moving core and junction to a valve stem were 
performed at one process. 

[0013] When the breakdown test which fixes the moving core and extrudes a valve stem about this 
product was carried out, before the plane of composition broke, when the load amoxmted to 350kg, 
deformation of a valve stem was produced. This is because the bonding strength of both members 
surpassed the compression yield strength of a valve stem, and is estimated that jimction sufficient as 
components of a solenoid valve was attained. Incidentally, although a moving core is conventionally 
closed to the circular sulcus established in the periphery of a valve stem, since the specification in 
that case is 180kg of loads-proof, the approach of this invention will have exceeded far. 
[0014] (Example 2) The valve stem was the same as that of the case of an example 1, and changed 
the quality of the material of the green compact for moving cores into the permalloy (Fe-47nickel; 
green density 7.1 g/cm3). When both were entrapped by press fit of 20 micrometers of interferences, 
it sintered for 60 minutes at 1 200 degrees C among the vacuum and the reinforcement of the 
obtained product was measured like the case of an example 1 , the result was the same as the case of 
an example 1 . Therefore, it is estimated that this has also reached junction sufficient as components 
of a solenoid valve. 
[0015] 

[Effect of the Invention] As explained in full detail above, unlike the conventional approach of fixing 
to a valve stem the moving core formed fi-om ingot material by plastic working etc., according to this 
invention using a sintered alloy, a moving core can be conventionally formed into small lightweight, 
and the responsibility of a solenoid valve is improved. Since sintering of a moving core and junction 
to a valve stem are furthermore completed at one process, also economically, it excels. 



[Translation done.] 
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